Introduction
Metabolic stress is a multidimensional hitch that affects the mammalian reproductive competence directly or indirectly by altering the metabolic balance of the microenvironment in the follicular fluid, enclosed oocytes and cumulus cells. During this period elevated concentration of NEFA, total Cholesterol, urea and low concentrations of glucose is reported (Farman et al., 2015; Tripathi et al., 2016) . The metabolic changes in the blood may reflect the biochemical composition of follicular fluid and this may influence oocyte and surrounding somatic cell quality. Reduced ovarian functions are because of imbalance feeding (more protein diet, less energy diet), negative energy balance (NEB) and the linked endocrine and metabolic signalling pathways. These alterations reflect in the microenvironment of the emergent and maturing ovum, and possible result in the ovulation of a developmentally ineffectual oocyte. Total NEFA, β-OHB, ammonia and urea above the physiological concentrations had been considered as metabolic stressors of serum and follicular fluids (Nandi et al., 2013) .
Stress incites barrenness in ruminants and speaks to a noteworthy wellspring of monetary misfortune to the domesticated animals segment (Kobayashi et al., 2013; Li et al., 2016) . The decline in creature fruitfulness is caused by hoist metabolic stressors that impacts ovarian capacities, oestrous articulation, oocyte
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Ruminants store an excess of nutrients as body reserves, and which mobilize during stress or during energy demand especially to nourish their offspring. Ruminants' stomachs digest cellulose and consume non-protein nitrogen via microbial fermentation in the rumen. They can utilize alternate feed sources, but absorb only little glucose. The metabolic patterns in maternal tissues of well fed, late-pregnant ruminants, are characterized by increased hepatic gluconeogenesis but reduced glucose utilization in peripheral tissues, unchanged or decreased peripheral utilization of acetate, and moderately increased mobilization of NEFA from adipose tissue, associated with similar increases in peripheral utilization of NEFA and their derivatives (Adewuyi et al., 2004) .
Elevated NEFA concentrations in the follicular fluid are classic example of NEB in high producing dairy animal as well as pre and post-partum condition which will have an unfavourable effect on oocyte, granulosa and theca cell quality (Leroy et al., 2010; Farman et al., 2015; Tripathi et al., 2016) . During the immediate pre-partum period, depressed feed intake and endocrine changes resulted in the NEFA mobilization from adipose tissue (Butler, 2000) . Metabolically stressed ewes lead to alteration in body weight and body condition scoring and oocytes derived from overfed and underfed ewes had a significantly lower cleavage rate, and morula and blastocyst yield (Borowczyk et al., 2006 , Tripathi et al., 2016 Farman et al., 2015; Nandi et al., 2015) .
Ammonia and Urea
High dietary protein lead to elevated systemic concentrations of ammonia and urea, and these, in turn, had been associated with reduced fertility in cattle (Kenny et al., 2002) . High concentrations of ammonia and /or urea negatively affected early embryo development in the oviduct (Fahey et al., 2001) . Protein degradation in the rumen caused higher concentrations of plasma urea nitrogen (PUN) and NH 3 concentrations in follicular fluid which caused negative (toxic) effect on fertility. In our laboratory, the types and concentrations of metabolic stressors used the in present study are based on previous studies on ovine in vivo studies in serum and follicular fluid during a period of negative energy balance and have been reported for in vitro use earlier (Farman et al., 2015; Nandi et al., 2015; Tripathi et al., 2016) .
Transcript profiling in vitro studies
Two experiments were set up to characterize the transcriptomic and profile of the oocyte resultant from metabolic stressed conditions. In the first experiment, the effect of NEFA and protein metabolites exposure during oocyte maturation (24 hr) on gene expression profiles was evaluated. In the second experiment, the effect of negative energy balance and unbalance feeding on gene expression profiles was evaluated.
At the beginning and end of culture, the levels of mRNA expression in the follicles/ oocytes and embryos were determined. They were quantified by real-time PCR. Total RNA was extracted from the follicles according to the manufacturer's instructions and cDNA was synthesized using the Reverse Transcription System. Primer3 software was used to design specific primers. All results were normalized relative to 18S RNA, and the relative RNA levels are presented as 2−ΔΔCt, where Ct is the threshold cycle for target amplification. Analysis was performed by ΔΔCt method ΔCt = Ct target gene −Ct internal reference (18S),
Metabolic stressors exposure during oocyte maturation affected the gene expression pattern of the resulting embryo. A significant increase in relative mRNA abundance of the HIGH NEFA, 300µM ammonia was found for the developmental genes as well as down regulation of anti-apoptotic factor like BCL 2 ; as well as Oct4; IGF1; FsHr; is reported which is a clear indication of cellular stress. Growth related genes were significantly up-regulated in high levels of metabolic stressors in 2 cell and blastocysts. This gene encodes the de novo DNA methyltransferase whose regulation is essential during preimplantation development for the proper establishment of epigenetic marks. Among the epigenetic events occurring during pre-implantation development, the establishment of genomic imprinting is crucial for subsequent placentation and embryo development. No differences were found in the relative mRNA abundance of apoptosis related genes, such as BAX, in any treatment group which may indicate that the increased apoptotic cell index observed in blastocyst may have originated earlier in development. It has been anticipated that translational and post-translational regulation of apoptosis related genes in embryos emerge to be more significant than transcriptional regulation. The relative abundance of gene transcript in oocyte and preimplantation stage of the ewe's embryo is shown in the tabular form. Transcript level of Bcl2 was found to be equal in PFs treated with higher doses of ammonia (300 and 400µM). While there was significant changes observed in 150µM treated PFs when compared with control. It was found that mRNA expression of development competence related gene like OCT 4 ; IGF; FsHr and EGF were decreased significantly when compared to lower levels of any treatment of metabolic stressors. Similarly oxidative stress related gene expression was significantly increased in mature oocyte originated from 300µM ammonia treatment when compared to lower levels. After embryonic development, all embryos were collected and divided separately according to their developmental stages (mature oocyte, 2-cell and blastocyst), washed three times extensively to avoid the presence of any co-culture cells with DEPC treated water and stored as pools of 15 embryos at −80°C. Embryos were divided equally into three groups: the control, and treatment group. Total RNA was extracted from 50 mature oocytes, 50 two-cell embryos, 50 blastocyst by using kit (roche total RNA isolation kit) + TRIzol reagent (Invitrogen, Carlsbad, CA, USA). The RNA integrity and concentration were determined by measuring absorbance at 260 nm. Purity of total RNA was confirmed by a reading of 260/ 280 nm. Total RNA (100ng) from each sample was resuspended in a 20 µL final volume to synthesize the cDNA by cDNA synthesis kit (Biorad).
Transcript profiling in vivo studies
Real-time PCRs were also performed using the KAPA SYBR FAST qPCR Kits for the in vivo produced samples. 
↓↓ ↓↓ _ denotes very less expression, ↑ denotes up-regulation, ↓ denotes down-regulation BHB treated groups. A non-template control was included. The amplification program included a preincubation step at holding stage 95°C for 20 sec, followed by 40 two step amplification cycles consisting of 3s denaturation at 95°C, 30sec at 60°C. A melting curve for the verification of amplification product specificity was recorded at the final dissociation stage to confirm that there was no contamination from primer dimers. In in vivo condition we didn't get any significant difference in gene expression between PP and HP group compared to normal condition. However, significant changes were observed in ammonia treatment group (300µM) at lower levels. While in NEFA there is a dynamic gene expression between medium and high NEFA when compared with lower levels. We get very less mRNA expression of NOBOX gene from 2 cell embryo compared with PFs and Mature COC.
Oocyte subjected to metabolic stress conditions had a pronounced effect in oocyte and embryonic developmental ability. Gene expression analysis gave a new insight to better understanding the effects of metabolic stress on embryo development by probing the targeted genes. After examining gene expression in different developmental stages (Table -1), it was observed that prolonged metabolic stress altered gene regulation.
Fertility is a multi-factorial component and its disintegration has been appearing to be connected with a system of hereditary and natural variables. Past examinations explored metabolic stressed and negative energy balance (NEB) anxiety factors in oocytes and embryo developmental capacity by metabolic stressors, which gave a prove that instigating metabolic stressors and negative energy balance conditions jeopardize the oocytes embryo development and altered the gene expression (Desmet et al., 2016) .
In conclusion a constant up-and down-regulation and an inconsistent pattern of gene expression of genes were observed in both -treated samples. Targeted gene expression was aberrant in embryo development, which can provide evidence of early embryo arrest and slowed embryo development. Hence the gene expression studies support the conclusion that metabolic stress slows embryo development during the negative energy balance.
